This study investigated grazing capacities of maquis scrubland and preparation principles of grazing management in forest resources. Kermes oak (Quercus coccifera L.), which is widespread as a main shrub species in maquis vegetation in Turkey, and pure hair goats (Capra hircus L.) feeding on shoots and leaves of this shrub were selected for study. The study was conducted in two stages. Green leaf and shoot samples were taken from kermes oaks in the first stage and the amount of green herbage yield (g * m −1 ) and dry matter yield (kg * ha −1 ) that may be obtained per unit area from these samples was identified. The considered amount of dry matter consumed by pure hair goats daily and the number of goats being fed within 1 year on land of 1 ha according to different land coverage rates of kermes oaks (goat head * ha * yr) were calculated. In the second stage, grazing capacities of sample areas where kermes oak spread were identified and compared with the grazing plan prepared by the forestry administration for this area. Forage yield variance according to land coverage rates of maquis scrublands should be considered when determining optimum animal numbers for grazing per area for sustainable goat farming.
Introduction
Twenty-seven percent of the overall surface of Turkey is covered with forests and the forest land in the country is 21,537,091 ha. Out of this forest asset, 77% is high forest (16, 662 ,379 ha), while 23% is coppice forest (4,874,712 ha) [1] . Ninety-nine percent of forests are owned by the state and are run and managed by the state [2] . Wood production was adopted as the sole objective in the management of forest resources for the last 50 years and production of nonwood forest products and other services provided by forests were not included. Efforts were made to convert coppice forest into high forest via afforestation activities [3] .
Having adopted the principle of multiple uses in the planning of forest resources in recent years, the production of nonwood forest products (water, recreation, wildlife, hunting, etc.) began to be included in the forest management plans in addition to wood production [4] . On the other hand, the products and services provided by coppice forests composed mostly of maquis vegetation were noted as well [5] ; maquis vegetation has important ecological functions, such as the prevention of erosion, achievement of hydrological balance, and preservation of biological diversity [6] . Besides the ecological importance of scrublands, they are also of considerable economic importance for supporting livestock by providing nutritious food during critical periods such as summer, when grasses and forbs are dry, and winter, when snow covers the mountain rangelands [7] [8] [9] .
Goat breeding is one of the traditional occupations, which has been performed for many years in rural regions 2 The Scientific World Journal [10] . The areas in Turkey where pure hair goat breeding is most widely conducted are the Aegean, Mediterranean, and Southeastern Anatolian Regions [11] . Nomads living in these areas have been breeding pure hair goats in the upper basins of that region for centuries [12, 13] . Pure hair goat breeding symbolizes a cultural value for nomads, in addition to being a breeding system [14] .
The most prominent plant species spreading within the scrublands in Turkey are as follows: pirnal oak (Quercus coccifera L.), boz-pirnal oak (Quercus aucheri Jaub. and Spach), broad-leaf jasmine box (Phillyrea latifolia L.), terebinth tree (Pistacia terebinthus L.), eastern strawberry tree (Arbutus andrachne L.), cane apple (Arbutus unedo L.), and heather tree (Erica manipuliflora Salisb.) [15, 16] .
There are similarities between the borders of the regions where pure hair goats are bred and natural distribution borders of some types of trees and shrubs within the Mediterranean scrub vegetation. Shrub vegetation occupies a great part of the territory of the country and the kermes oak (Quercus coccifera L.), which is a sclerophyllous shrub, is the dominant species in these scrublands [17, 18] .
The forestry policies applied in Turkey aim at reducing and even eliminating breeding pure hair goats on the grounds, which might harm forests [19] . This policy has achieved its purpose up to a certain degree and the number of pure hair goats, which was 15 million in 1975, was reduced to 6 million in 2008 [20] .
Over the last few years, however, it has been realized that it is not goats per se that are the real culprit, but the continuous, uncontrolled overgrazing for which humans are responsible [21] . If not managed properly, all domestic animals can damage forests through overgrazing [22] .
The Turkish Government enforced an important law in 2011 which eliminated the problems of goat breeding villagers. Radical amendments were made in the relations between goats and forests with this law and villagers were allowed to graze goats in state-owned forests [23] . According to the enforced law, grazing plans should be prepared in order to enable villagers to graze goats in state-owned forests. The law assigned the task of preparing the grazing plans to the forestry administration. The forest administration prepares the grazing management plans without any scientific basis, considering that 2 goats per 1 ha scrubland will be grazed [24] . Based on some experience obtained from Tunisia and Greece, it is estimated that the grazing capacity is 1.5 goats per 1 ha land [25, 26] . This study was conducted in order to identify the number of animals that may be grazed per unit land in the scrublands in Turkey and develop a method that may be utilized for determining the grazing capacity.
Materials and Methods
This study was conducted in two stages, namely, the identification of the grazing capacity of kermes oak land and the assessment of the grazing plans prepared by the forestry administration. ∘ C and the average rainfall ranges from 90.0 to 100.0 mm and from 9.6 to 36.6 mm, respectively. The climate of the area is characterized by semiarid and cold winters [27] . The soil texture is clay to wet clay, derived from conglomerates of the Mesozoic period and colluvia from river or torrent bank deposits [28] . A range of organic matter content between 2.60 and 3.20% and a pH of 7.5 are both considered average. The shrub variety displaying a native range within the study area is kermes oak. The land coverage rate of kermes oak ranges between 70 and 90% and shrub height ranges between 50 cm and 150 cm.
Determination of Grazing

Experimental
Methodology. An experimental area was selected within the university research forest with the same site characteristics (aspect, elevation, slope, soil, etc.). Within this area, kermes oak shrubs being spread over an area of at least 30 m 2 were identified, and 30 shrubs with this characteristic were selected at random for six periods, namely, April, May, June, July, August, and September. Samples were derived from 30 shrubs in each period (30 × 1 m 2 = 30 m 2 ) and green leaf and shoot samples were obtained from a total land of 180 m 2 within 6 periods (6 period × 30 m 2 = 180 m 2 ). A sampling quadrant of 1 m × 1 m was created by using wooden slats. Representative, hand-plucked forage samples similar to those consumed by animals were collected [29] . Green herbage samples that had been collected were weighed and, at each period, numerical data was obtained for samples derived from 30 kermes oak shrubs.
In order to determine the dry matter content ratios, 30 herbage samples obtained at each period were mixed into a single sample and were ground in a hammer mill with a sieve hole diameter of 3 mm. In order to determine the dry matter contents, samples were taken from this biomass. All samples were oven-dried at 105 ∘ C for 24 hours and weighed [30] . Therefore, the dry matter content of the samples was determined as a percentage ratio. These procedures were conducted in the laboratory separately at each period as 3 parallel and 4 recurrent analyses. The herbage yield obtained from 1 ha was multiplied with the percentage ratios of the dry matter and the dry matter quantity obtained from an area of 1 ha was calculated as kg * ha −1 . Thus, the number of animals that may be fed by 1 ha kermes oak was determined upon taking into account the daily dry matter consumption amount of pure hair goats. Moreover, phenological observations were also made on the biological life cycle of kermes oak at this stage.
Evaluation of Grazing Capacity Results on a Grazing
Management Plan. The results obtained in the first stage of the study with regard to the optimum number of pure hair goats that may be grazed in kermes oak lands were assessed within the framework of the grazing management plan prepared by the forestry administration for villages where pure hair goat breeding is widely conducted. [31] . The overall area in the grazing management plan prepared by the forestry administration is 98,622.7; 59,008.7 ha of forest land was covered in the management plan while 39,614.0 ha of land (agricultural land, residential areas, and water areas) was excluded from the scope of the plan [32] .
Study Area. It is located in the Mediterranean
The grazing management plan banned animal grazing in 17,233.2 ha forest land while it was allowed in 41,775.5 ha forest land. In the plan, it was assumed that only 2 pure hair goats could be allowed to graze in 1 ha forest land and the number of animals that may be allowed to graze by each village was determined accordingly. The grazing management plan allowed the grazing in forests of 83,459 animals per year in 30 villages [32] . The grazing management plan data prepared by the forestry administration is provided in Table 1 .
Experimental Methodology.
In areas where pure hair goat grazing is allowed, 10 random trial plots of land of 10 m × 10 m = 100 m 2 from each individual village were selected. Kermes oak land coverage rate in each plot of land was measured; the average of the measurements was taken to determine the land coverage rate of the trial land. Some parts of the measured fields were those where kermes oaks spread sparsely and which were indicated as forestless soil on the forest management plans. The quantity of these areas was identified and the rate of closure was accepted as 10%. The closure rates (%) obtained as a result of the measurements made in the trial areas (ha) and the size of the fields whose closure is accepted as 10% were taken into account and the kermes oak area coverage rates were identified. These closure rates were used to calculate the optimum number of goats that may be grazed in 1 ha land and optimum number of animals that may be fed in 1 year in the forest lands where grazing is allowed for villagers. The current number of pure hair goats retrieved from the records of Isparta Provincial Agricultural Directorate and the optimum number of animals were compared to identify the villages where there are goats numbers above and below the grazing capacity.
Statistical Analyses.
The data relating to the repeated measurements performed in 6 periods for determining the green herbage yield and dry matter yield ratio were subjected to statistical analyses. First of all, it was verified with the Kolmogorov-Smirnov test whether the data were compliant with the regular distribution. It was observed that the distribution of the data relating to all measurements performed in 6 periods according to the results of the Kolmogorov-Smirnov test was compliant with the regular distribution. Therefore, the data were first analyzed upon using repeated ANOVA among parametric methods and the intervals between the periods were identified with the Tukey test. However, as the number [ ] of samples was 30 in this study and the analysis was performed based on repeated measurements, the Friedman test among the nonparametric tests was conducted. Both parametric and nonparametric analyses provided the same results. [33] . The statistical analyses were carried out using SPSS 16.0 software for Windows [34] . All tests were performed at the level of significance of < 0.05.
Results
Phenological Observations.
The vegetation season began in the middle of March. The buds sprang out and the shoots developed by the end of March. Shoot and leaf development accelerated in April. Blooming began and female flowers were fertilized in May. Leaves which had developed last year began to fall in mid-June. This occurred after the development of the shoots and leaves of the plant and the fertilization of female flowers. Summer drought emerged at the end of June. The top surfaces of leaves became dark green while a wax-like layer formed on the lower surface of leaves.
Green Herbage and Dry Matter Yields.
Results of statistical analyses on green herbage yields (in g * m −2 and kg * ha −1 ), dry matter yield ratio (%), and dry matter yield (kg * ha −1 ) are presented in Table 2 . Differences among the interval means as a result of analyses are statistically significant. Results of the statistical test are shown in Latin letters above the averages. in Table 2 were also presented upon being converted into the measurement unit kg * ha −1 .
Green Herbage
Dry Matter Ratio.
Measurements were taken in the periods of April, May, June, July, August, and September; the dry matter ratio of kermes oak was found as 32.03%, 43.26%, 53.83%, 56.85%, 57.35%, and 57.95%, respectively. Dry matter ratio increased between April and July, while no increase occurred in August and September. The Scientific World Journal Table 2 are valid for circumstances when kermes oak land coverage is at 100%. However, under normal circumstances, it may not be possible to find kermes oak scrubland with 100% land coverage and mixed scrub species ratios. Furthermore, it may not be possible to find vegetation where kermes oak is the native variety. Therefore, dry matter yields that may be obtained also for areas where the closure rate varies between 10 and 100% should be calculated. Therefore, Table 3 provides dry matter yields for kermes oak scrubland of 10-100% land coverage.
Grazing Capacity of Kermes Oak Scrublands. The numbers provided in
Using the values of dry matter yields for kermes oak scrubland of 10-100% land coverage, the unit area (1 ha) grazing capacity of kermes oak and the number of pure hair goats that can be grazed in this area were calculated. Pure hair goats consume dry matter that corresponds to 3 to 4% of their live body weight per day. The live body weight of an adult pure hair goat that has grown under Turkey's conditions ranges from 40 to 50 kg. In determining the pure hair goat grazing capacity per unit area of kermes oak scrubland, this study took as a basis a live body weight of 50 kg and estimated that dry matter consumption at 4% of this weight would take place [35] . Accordingly, a pure hair goat weighing 50 kg would consume 2 kg of dry matter per day and 730 kg per year. By dividing the dry matter yields obtained at each period by dry matter consumption of a pure hair goat per year, the number of goats grazing at each period at different land coverage ratios was calculated. The numbers provided in Table 3 were thus obtained.
Accordingly, the number of pure hair goats within an area of 1 ha with a 100% of kermes oak land coverage, which can be fed for 1 year, ranges between 1 and 5. The number of pure hair goats that can be grazed per unit area changes with the ratio of kermes oak land coverage and the quantity of dry matter obtained at different periods.
Selection of the Best Grazing Period.
Due to the fact that grazing in areas covered with kermes oaks in countries neighboring the Mediterranean mostly begins and is conducted within the month of June, it seems logical that the figures pertaining to June in Table 3 are used in this study. Using phenological observations, the area researched revealed that the growth roots and development of leaves of the kermes oak take place in April, whereas blooming and fertilization occur in May. As the grazing to be conducted in these periods harms the growth and development of kermes oaks, the yield in herbage and dry matter remain low. In the periods following May, the increase in green herbage stops, the leaves harden due to summer drought, and the shoots become wooden. Thus, June is the most suitable month for grazing in scrublands in pure hair goat breeding [36, 37] . The figures relating to the month of June were used for determining the number of animals that may be allowed to graze per unit area in the next stage of this study.
Results from the Evaluation of a Grazing Management
Plan. The coverage rate of kermes oak area on the villages included in the scope of the research within the overall land varies from 10 to 70%. The optimum number of animals in terms of pure hair goats that may be grazed per village is provided in Table 4 upon taking into account the land coverage ratio of maquis species. Hence, the number of goats that may be grazed on an area of 41,775.5 ha was identified as 100,730 goats, whereas this number was identified as 83,549 goats in the grazing management plan prepared by the forestry administration. This result was 17,181 goats less than the optimum number identified in this study.
Considering the current number of 55,672 goats in the villages, it is observed that the grazing capacity is underutilized in 27 villages, while there is unutilized potential that may feed 50,783 goats. Yet, the forestry administration determined the 6 The Scientific World Journal Table 4 : Optimum number of pure hair goats that may be bred in villages within the study area and deviations from this number. The Scientific World Journal Pure hair goat breeding should be supported in 27 villages, starting with the villages of Alikoy, Atabey, Darioren, Gonen, Kadilar, and Kucukgokceli where the utilization is close to the optimum capacity or below.
NumberVillages
Discussion
Kermes oak (Quercus coccifera L.) was selected in this study as the main species spread in the scrublands in Turkey for the identification of the grazing capacity of scrublands and the assessment of grazing management plans. Calculations were made based on the dry matter yields and closure rates of the kermes oak in the study. In some studies, the dry matter yield rate of the kermes oak for June was found as 51% in the study conducted by Parlak et al. (2011) [38] and Yolcu et al. (2012) [39] and is close to the dry matter rate value obtained in this study.
As mentioned previously, there are also forest areas where kermes oak is mixed with other maquis species. We may question how the grazing capacities of this type of scrubland will be determined and how the grazing plans will be arranged. In the studies conducted recently in the Mediterranean Region, dry matter yields for maquis species where kermes oaks are mixed were calculated.
For instance, the dry matter rate in terebinth trees (Pistacia terebinthus L.) was 51.70%, while it was 55.10% in gall oaks (Quercus infectoria Oliv.) and 53.11% in broadleaf jasmine boxes (Phillyrea latifolia L.) [39] . As it becomes evident, the dry matter yield rates in the other maquis species are close to the value of kermes oak. Thus, the dry matter yield ratios of kermes oaks may be used for other species in the scrublands. The problem in identifying the grazing capacity in such type of areas is how to determine the green leaf and shoot yields in other species mixed with kermes oak. Samples of green leaves and shoots may be obtained from the areas where such species are spread so as to identify the dry matter yields, as presented in this study. Dry matter yields to be obtained from any area may be calculated upon the determination of the closure or mixture rates.
The study acknowledged that one pure goat would eat dry matter corresponding to 4% of its body weight in determining the number of animals to be grazed in the area per unit. In addition to pure hair goats, Angora goats and Honamli goats are also raised in Turkey but at a lower number. The grazing capacities of the scrublands where grazing is conducted with these animal species should be identified upon taking into account the amount of dry matter required to be consumed on a daily basis.
The study was based on the assumption that pure hair goats were fed only in state-owned forests and did not use other forage resources, because the pure hair goat breeders in Turkey do not hold the economic power to purchase industrial forage. The state provides pure hair goat breeders in Turkey with an annual amount of US$10 per animal bred. The breeders mostly use this subsidy in their household cost of living. Breeders, who are economically better off, purchase forage with this subsidy and spend it for feeding the animals only for 2 months per year, that is, before and after birth.
Some breeders within the study area own extra forage resources as they grow various forage plants in their agricultural land. Thus, as the animals are fed better, this increases the meat and milk yield while the grazing pressure on forest resources is reduced.
Therefore, the state should increase the subsidy provided to the breeders in villages where pure hair goats exceed the grazing capacity, and the villagers involved in the agriculture of forage plants should be supported.
Conclusions
Grazing animals explore different forage resources to satisfy their daily nutrient needs, following specific spatial and temporal patterns throughout the year [40, 41] . Among them, goats are generally more selective than cattle and sheep depending on the array and quality of plants available [42] [43] [44] . Goats are well adapted to the consumption of shrubs inhabiting the Mediterranean forest understory [45, 46] . In particular, pure hair goats prefer browsing [47] and grazing on the shoots and leaves of Mediterranean shrubs in Turkey. Therefore, the forage yield capacity of shoots and leaves of kermes oak which is as a main species in the Mediterranean vegetation has an important role in goat breeding in Turkey.
Integration of pure hair goats in forestry production system is inconceivable without applying proper grazing management. However, this is not easy to achieve because of two main difficulties. One is the need to coordinate goat grazing with the forest management plan. One goal of the forest management plan should be to provide forage for goats on a permanent basis. Since forests are suitable for grazing only for a limited number of years within their rotation time and only for a few months each year, the goat management 8
The Scientific World Journal must be adjusted to these limitations. For this reason, forest areas where grazing is allowed by the government should be classified as a separate working section entitled pure hair goat grazing class in the forest management plans, like timber production. The other difficulty in implementing proper grazing management lies with the people who own and handle goats. Experience has shown that no grazing plan will succeed, no matter how technically perfect it is, if goat shepherds do not accept it. Involving local people in grazing management projects is extremely important. Controlling goat numbers is a fundamental requirement of proper grazing management in forests [12] .
To ensure that the pure hair goat breeding system is productive, sustainable, and stable in Turkey, the following become necessary: (1) excessive and irregular grazing conducted by breeders should be stopped; (2) grazing management plans should be prepared according to the results of this research; (3) pure hair goat breeders should accept the grazing program; (4) the forestry administration should inspect whether grazing is performed in a sustainable manner [48] .
